Introduction
Conjugated linoleic acids (CLA), primarily rumenic acid (cis-9, trans-11 CLA), in milk fat have beneficial effects on human health such as decreasing the risk of cancer and type 2 diabetes and improving the immune system (YANG et al., 2015) . Other health-enhancing milk fatty acids (FA) are oleic acid (cis-9 C18:1) and α-linolenic acid (cis-9, cis-12, cis-15 C18:3) (LOPES et al., 2015) .
The rumenic acid in ruminant products is mostly derived from incomplete ruminal biohydrogenation (BH) of polyunsaturated FA. The rumen outflow of vaccenic acid (trans-11 C18:1) is the precursor of approximately 70% to 97% of rumenic acid synthesis in the cow mammary gland (KLIEM; SHINGFIELD, 2016) .
Dairy products are the main source of CLA in human nutrition (YANG et al., 2015) , and studies integrating ruminant nutrition and milk FA composition are necessary in different situations, including fat supplementation and feed sources. Sugarcane (Saccharum officinarum L.) is a common forage source in diets for cattle in milk production systems in Brazil (CAMPOS et al., 2017) . However, in dairy cows fed sugarcanebased diets without lipidic supplementation, the concentration of rumenic acid in the milk fat is low (MENESES et al., 2015; PIMENTEL et al., 2016) . Meneses et al. (2015) supplemented sugarcanebased diets with oleic and linoleic (cis-9, cis-12 C18:2) acids and observed a marked increase (up to 388%) in the rumenic acid concentration in the milk fat. However, in the work of Meneses et al. (2015) , other FA, such as elaidic acid (trans-9 C18:1) and trans-10 C18:1, which are linked to deleterious effects on cardiovascular health (ALMEIDA et al., 2014; VAHMANI et al., 2017) and thus of significant interest, were not reported.
In this context, a better understanding of feeding strategies that improve human health, especially in regard to dairy products obtained from cows fed sugarcane, is crucial. Both the role of sugarcane in the dairy cow diet and the human demand for healthy products increase the relevance of evaluating strategies to increase the content of rumenic acid in milk fat under these circumstances.
Citrus pulp can be used as a high-energy feed in ruminant rations to support growth and lactation with fewer negative effects on rumen fermentation than starch-rich feeds (BAMPIDIS; ROBINSON, 2006) and ground corn. Citrus pulp differs from corn grain in that it has lower concentrations of starch (2.3-7.3% DM versus 70.98% DM) and higher concentrations of pectin (21.0-22.3% DM versus 0.41% DM) (BAMPIDIS; ROBINSON, 2006; VALADARES FILHO et al., 2010) . Pectins are degraded very rapidly and extensively in the rumen but, unlike starch, yield little lactate and therefore cause less decrease in rumen pH (BAMPIDIS; ROBINSON, 2006) . As reported by Jenkins and Harvatine (2014) , diets containing a high proportion of starch are likely to promote a reduction in ruminal pH, and, when associated with high concentrations of polyunsaturated FA, this can lead to a shift from the trans-11 to the trans-10 pathway of polyunsaturated-FA BH. The shift from the trans-11 to the trans-10 alternative BH pathway promotes a reduction in the availability of vaccenic acid for endogenous synthesis of rumenic acid in the mammary gland and, at the same time, may lead to the production of excessive amounts of trans-10, cis-12 CLA, partially explaining the decrease in milk fat levels (ROY et al., 2006) . Thus, in diets containing a high concentration of unsaturated FA, such as those evaluated in the present study, the use of citrus pulp to partially replace ground corn could be a relevant nutritional strategy, considering that in comparison to ground corn, citrus pulp maintains the rumen environment more adequately, favoring the accumulation of vaccenic acid over the formation of trans-10 C18:1 in the BH pathways of unsaturated FA (EIFERT et al., 2006b) .
The aim of this study was to evaluate the effect of supplementation with sunflower oil on the milk fatty acid composition of Holstein x Gyr dairy cows fed sugarcane-based diets containing citrus pulp.
Materials and Methods
The study was conducted at Embrapa Dairy Cattle (Coronel Pacheco, MG, Brazil) . All of the experimental procedures with animals were conducted according to Embrapa Dairy Cattle guidelines for animal care and use in research.
Twelve multiparous Holstein x Gyr dairy cows producing 17±5 kg day -1 of milk, 96±25 days in milk, and weighing 500±51 kg at the beginning of the experiment were distributed in a three 4 x 4 Latin square (LS) design. The cows were homogeneously distributed in each LS based on daily milk yield, days in milk, body weight and lactation order. Each LS period was 16 days in length, with ten and six days for adaptation to the diets and for data collection, respectively.
The experimental treatments were diets based on chopped sugarcane with inclusion (DM basis) of 0.0% (control), 1.5%, 3.0% and 4.5% sunflower oil (SO) ( Table 1) . The diets were formulated at a fixed forage:concentrate ratio of 60:40 (DM basis). The sugarcane variety RB-739735, averaging 18±4 brix, was used.
Diets were formulated to be isonitrogenous and to meet the nutritional requirements of cows 500 kg in body weight producing 17 kg day -1 of milk with 0.3 kg day -1 of weight gain, in accordance with the NRC (2001).
The cows were collectively lodged in a free-stall equipped with feeders and mineral and drinking troughs. Feed was supplied ad libitum (target 10% of orts) as a total mixed ration (TMR) once a day (08h00) using a mixer/dispenser vehicle (Data Ranger; American Calan Inc., Northwood, NH, USA). The free-stall was equipped with electronic troughs (American Calan, Inc.) that allowed individual control of feed consumption. The sugarcane was harvested and chopped daily, and the concentrates with sunflower oil were prepared weekly to avoid lipid peroxidation. Samples of chopped sugarcane and the four concentrates were collected in each LS period and stored (-20°C) for chemical analyses. Samples of the individual orts were also collected, and at the end of each LS period, a pooled sample of orts was prepared for each animal and stored at -20ºC for later chemical analysis. Fecal samples were collected every 26 h from 08h00 h on day 11 to day 16 of each LS period, pooled per cow, and stored at -20°C. At the end of the experiment, the samples of sugarcane, concentrates, orts and feces were thawed, pre-dried (55°C, 72-96 h), milled (1 mm) and analyzed in the Laboratory of Food Analysis of Embrapa Dairy Cattle (Juiz de Fora, MG, Brazil) for DM (at 105°C), crude protein (CP), ether extract (EE), mineral matter (MM), acid detergent fiber (ADF), neutral detergent fiber corrected for ash and protein (NDF ap ) and lignin content according to Detmann et al. (2012) .
Samples of chopped sugarcane collected in each LS period and samples of each ingredient of the concentrates (citrus pulp, ground corn and soybean meal) were lyophilized and analyzed for FA composition as described by Ribeiro et al. (2014) . A sample of SO was also collected and stored for FA composition analysis. This analysis was performed in the Laboratory of Chromatography of Embrapa Dairy Cattle (Juiz de Fora, MG, Brazil) using a 6890N chromatograph (Agilent Technologies, Santa Clara, CA, USA) with a capillary column (25 m x 0.20 m x 0.33 μm) of polyethylene glycol (HP-FFAP, Agilent Technologies, Santa Clara, CA, USA) and a flame ionization detector. The FA content (g kg -1 DM) was quantified by the addition of C19:0 internal standard.
To estimate digestibility, the indigestible neutral detergent fiber (iNDF) was used as an internal marker. The iNDF was quantified via 264 h of ruminal in situ incubation using Ankom filter bags F57 (ANKOM Technology, Macedon, NY, USA).
Cows were milked twice daily (06h00 and 14h00), and the milk yield was recorded throughout the collection period (days 11 to 16 of each LS period). Milk samples were collected in both milking sessions and pooled daily proportionally to production in each sampling (2/3 at morning milking + 1/3 at afternoon milking). Concentrations of milk lactose, fat and protein were performed by medium infrared spectrometry (Bentley 2300; Bentley Instruments, Inc., Chaska, MN, USA) at the Milk Quality Laboratory of Embrapa Dairy Cattle (Juiz de Fora, MG, Brazil).
Milk samples for FA analyses were collected on day 16 of each LS period. The FA composition was analyzed by gas chromatography according to the procedures of Ribeiro et al. (2018) .
The nutritional quality of milk fat was evaluated by the atherogenicity (AI) and thrombogenicity (TI) indices, by the omega-6 and omega-3 FA ratio (ω-6/ω-3 FA ratio) and by the hypo-and hypercholesterolemic FA ratio (h/H FA ratio), calculated according to Ribeiro et al. (2018) .
Blood samples were collected on day 16 of each LS period via coccygeal venipuncture, using test tubes (Vacutainer; Becton-Dickinson, Rutherford, NJ, USA) containing the anticoagulant EDTA. The samples were centrifuged immediately at 3,000 x g for 15 min, and plasma (2.0 mL) was stored in Eppendorf tubes at -20°C until analysis. Plasma concentrations of non-esterified FA (NEFA), glucose, cholesterol, and triglycerides were estimated using commercial kits as described by Rodrigues et al. (2017) .
The results were analyzed by mixed models using the MIXED procedure of SAS version 9.0 (SAS Institute, Inc., Cary, NC, USA). The SO concentration in the diet was considered as a fixed effect, and LS, cow within LS and LS period were considered as random effects. The linear and quadratic effects of SO concentrations were analyzed by contrasts. Regression equations between specific variables were adjusted by the REG procedure, and Pearson correlations were obtained by the CORR procedure of SAS. Effects were considered significant when P≤0.05.
Results and Discussion
There was no effect (P>0.05) of sunflower oil (SO) supplementation on DM, OM or TDN intake (Table 2 ). Since the diets were isoproteic and isofibrous (Table 1) with similar DM intake, there was also no effect (P>0.05) of SO supplementation on CP or NDF ap intake (Table 2) .
To avoid a decrease in DM intake, the NRC (2001) recommends formulating rations for dairy cows with a maximum of 6-7% EE (DM basis). In the present study, the EE concentrations did not reach this value (Table 1) . However, it should be noted that free vegetable oils are rapidly released in the rumen and have subsequent potential deleterious effects on the resident microbiota, fiber digestion and DM intake. It is likely that the inclusion of SO, which was previously mixed with the concentrate, contributed to avoiding decreased DM intake (NRC, 2001) . According to Jenkins (1993) , the deposition of a layer of oil on the forage particles can impair both the adhesion of fibrolytic microbiota and the activity of the enzymes involved in cellulose hydrolysis, negatively affecting the digestion of the fibrous fraction of the diet and therefore the DM intake.
As expected, the substitution of ground corn and citrus pulp rich in nonfibrous carbohydrate (NFC) by SO rich in fat resulted in a linear increase in EE intake (P<0.0001) and a linear decrease (P=0.0006) in NFC corrected for ash and protein (NFC ap ) intake (Table 2) . The increase in TDN (P<0.0001) with increasing SO levels (Table 2) is clearly a consequence of the substitution of carbohydrate sources by fat, which has a 2.25-fold greater energy concentration (WEISS, 1999) . In addition, the digestibility of CP and EE increased with SO supplementation (Table 2 ). In the present study, the inclusion of SO in the diets was accompanied by the partial substitution of citrus pulp for ground corn (Table 1) . This strategy was adopted since citrus pulp, in comparison to ground corn, maintains the ruminal environment more adequately, favoring the accumulation of vaccenic acid over the formation of trans-10 C18:1 in the BH pathways of unsaturated FA (EIFERT et al., 2006b ). In addition, in previous studies, the partial (ASSIS et al., 2004) or total (ASSIS et al., 2004; EIFERT et al., 2006a) replacement of ground corn with citrus pulp did not change (P>0.05) DM or TDN intake, milk yield (corrected or not-corrected for fat), or the fat or protein content of the milk obtained from cows producing, on average, 20.5 to 23.5 kg day -1 and fed diets based on sorghum silage or corn silage.
On the other hand, using diets based on corn silage and sunflower silage, Leite et al. (2017) reported lower DM intake when citrus pulp was included as a replacement for ground corn. These authors also observed that cows receiving citrus pulp spent more time ingesting, ruminating and chewing (per kg of DM or NDF) than those that received ground corn. It is therefore postulated that the resistance of the foodstuffs to breakdown during mastication might have lowered the intake rate, leading to lower DM intake (CARMO et al., 2015) . Leite et al. (2017) did not observe an effect of the inclusion of citrus pulp or ground corn on the nutrient digestibilities of the diets. In another study of lactating cows, Carmo et al. (2015) reported a linear increase in the DM intake of corn silage-based diets in which ground corn was included as a substitute for citrus pulp. According to these authors, the observed reduction in DM intake in animals fed diets containing citrus pulp may be associated with the higher water-holding capacity of pectin, which increases the rumen digesta volume and contributes to intake limitation due to rumen distention. In the present study, however, there was no reduction in the DM intake of the cows fed the experimental diets.
Despite the differences in the levels of the majority of FA in the diets (Table 1) , the quadratic effects (P<0.05) of SO supplementation on their intakes (Table 3) were mainly modulated by the observed patterns of DM intake associated with the diets ( Table 2) . Independent of the diet and because it was the major FA in all dietary ingredients (Table  4 ) and diets (Table 1) , linoleic acid was the main FA consumed by cows. Relative to the control treatment, SO supplementation resulted in increases in linoleic acid intake of 145%, 278% and 320% in the diets containing 1.5%, 3.0% and 4.5% SO, respectively ( Table 3 ). The second FA most consumed by cows, oleic acid (Table 3) , was present in high concentrations in all dietary ingredients (Table 4) . These two FA, together with α-linolenic acid, are substrates for the formation of vaccenic acid in the rumen by partial BH reactions . Since none of the ingredients of the concentrate is an important source of α-linolenic acid (Table 4) , the intake of α-linolenic acid in the diets was low (Table 3 ). In addition, relative to well-managed tropical grasses, chopped sugarcane, which accounted for 60% of the DM in the diets (Table 1) , has a lower α-linolenic acid content, although the concentrations of oleic and linoleic acids in chopped sugarcane are, in general, higher (LOPES et al., 2015) . In Holstein cows fed 40% sugarcane-based diets supplemented with 0%, 1.57%, 4.43% and 7.34% soybean oil, Rodrigues et al. (2017) reported a linear reduction (P<0.05) in the fat and lactose content of milk as well as a reduction in fat and protein production. These authors observed a quadratic effect on milk protein content (P=0.06) and on lactose and energy-corrected milk yield (P<0.05) in response to soybean oil supplementation. It is possible that the differences in the patterns of milk production and composition observed in the present study in relation to those reported by Rodrigues et al. (2017) may be associated with the higher inclusion of vegetable oil (7.34% soybean oil) in their study as well as with the different proportions of sugarcane in the diets evaluated in the two studies.
According to Carmo et al. (2015) , starch digestion tends to produce more glucogenic nutrients (propionate) than does pectin; because the amount of lactose produced greatly determines milk yield, the availability of glucogenic precursors from the diet is an important factor that may affect milk production. In a companion paper in which the ruminal metabolism of cows fed chopped sugarcanebased diets containing citrus pulp supplemented with the same dietary levels of SO was studied, Souza (2011) observed no effect of the treatments on the amount of propionate in the rumen. Thus, the lack of effect of the treatments on lactose content in the present study may be a reflection of this and may partially contribute to the observed similarity in milk production (Table 5 ). Positive correlations between milk yield versus DM intake (r = 0.33; P=0.0290), OM (r = 0.38; P=0.0111) and TDN (r = 0.43, P=0.0037) were observed, indicating that the absence of an effect (P>0.05) of SO supplementation on milk production (Table 5 ) may be a reflection of the similarity (P>0.05) of the diets with respect to the intake of these fractions ( Table 2 ). The linear reduction (P=0.0002) in milk fat content (Table 5) can be explained by the linear increase (P<0.0001) in the milk content of trans-10, cis-12 CLA, trans-9, cis-11 CLA (Table 6 ). These FA (and possibly others such as trans-10 C18:1) are associated with inhibition of lipogenesis in the cow mammary gland BERNARD et al., 2018) , promoting a decrease in the level of milk fat. This is corroborated by the regressions obtained between milk fat content (%) versus milk concentrations (g 100 g -1 FA) of trans-10, cis-12 CLA (ŷ = -7.9101*x + 3.50796; r 2 = 0.46; P<0.0001) and trans-9, cis-11 CLA (ŷ = -6.56848*x + 3.50094; r 2 = 0.12; P=0.00123). However, the higher slope coefficient in the regression between fat content and the concentration of trans-10, cis-12 CLA in milk indicates the greater relevance of this isomer to the inhibition of mammary lipogenesis (ROY et al., 2006) . -8, cis-11, cis-14 C20:3 (ω-6) 0.077 0.071 0.052 0.053 0.0080 0.0053 0.6175 cis-5, cis-8, cis-11, cis-14 C20:4 (ω-6) 0 The mechanisms responsible for the inhibitory effects of trans-10, cis-12 CLA and trans-9, cis-11 CLA or any other FA (e.g., trans-10 C18:1) on milk fat synthesis have not been clearly elucidated. In general, these mechanisms are associated with a dramatic decrease in the expression of the main lipogenic genes that encode transcription factors and key enzymes of de novo FA synthesis in the mammary gland (KADEGOWDA et al., 2009; SHINGFIELD et al., 2010; BERNARD et al., 2018) . It should be noted that de novo FA synthesis is responsible for 100% of the linear even-chain saturated FA C4:0 to C12:0, approximately 95% of the myristic acid (C14:0), and 50% of the palmitic acid (C16:0) secreted in milk (KLIEM; SHINGFIELD, 2016). The high negative correlations between milk concentrations of trans-10, cis-12 CLA and trans-9, cis-11 CLA versus C4:0 to C16:0 FA (r = -0.58 to -0.81; P<0.0001) indicate that these CLA isomers in fact inhibit lipogenesis in the mammary gland by reduction of de novo FA synthesis (BERNARD et al., 2018) . Thus, in response to SO supplementation, the strong reduction (P<0.0001) in the milk content of de novo-synthesized FA C4:0 to C16:0 (Table 6) , the sum of the levels of which was positively correlated with milk fat content (r = 0.59; P<0.0001), contributed significantly to the decrease in milk fat. The effect of supplementation of diets with free vegetable oils on the milk content of de novo-synthesized FA is well documented in the literature (EIFERT et al., 2006b; ROY et al., 2006; SHINGFIELD et al., 2010; RIBEIRO et al., 2014) . However, there are still no published results for diets based on fresh chopped sugarcane.
Another factor that may have contributed to the reduction in de novo FA synthesis in the mammary gland is lower plasma concentrations of the precursors acetate and β-hydroxybutyrate BERNARD et al., 2018) resulting from possible inhibition by SO of ruminal fermentation by fibrolytic microbiota of the fibrous carbohydrates present in the diet (RIBEIRO et al., 2018) . According to Durand et al. (1988) , the fermentation of citrus pulp mainly produces acetate. These authors reported that the molar proportions of acetate, propionate and butyrate were 0.625, 0.261 and 0.068, respectively. The partial replacement of ground corn by citrus pulp in the present study did not alter the ruminal concentrations of acetate and butyrate in the animals that received the experimental treatments, as verified in the companion paper in which the ruminal metabolism of cows fed the same diets evaluated in the present study was examined (SOUZA, 2011). Thus, the concentrations of the precursors acetate and β-hydroxybutyrate may not have been primarily responsible for the reduction in de novo FA synthesis in the mammary gland.
Despite the absence of an effect on NDF digestibility (P=0.0576), SO supplementation promoted a linear reduction (P<0.001) in the milk content of odd-and branched-chain FA (OBCFA) ( Table 6 ). This may be considered indicative of the reduced activity and growth of bacterial communities in response to adaptive changes in the rumen environment of cows (VLAEMINCK et al., 2006) . In addition, the substitution of NFC (citrus pulp and ground corn) by the EE present in SO already reduces the amount of fermentable substrate available for the ruminal microbiota (RODRIGUES et al., 2017) , limiting its development. In corroboration of this, negative correlations were observed (P<0.0001) between milk OCBFA content versus EE intake (r = -0.73) and between milk OCBFA content versus oleic, linoleic and α-linolenic acid intake (r = -0.64 to -0.77).
SO supplementation promoted an increase in ruminal BH that can be verified by several indications: the quadratic effect (P=0.0004) on milk stearic acid (C18:0) content (Table 6) , the reduction (P<0.05) in the apparent transfer of consumed linoleic and α-linolenic acids into milk (Table 7) , and the linear increase (P<0.0001) in the milk content of trans-6 to trans-16 C18:1, cis-11 to cis-13 C18:1, and conjugated (e.g., rumenic, trans-10, cis-12 CLA, and trans-9, cis-11 CLA) and nonconjugated (cis-9, trans-12 C18:2) isomers of linoleic acid (Table 6 ). These FA, which are intermediate products of ruminal BH reactions of unsaturated FA , showed a positive correlation (P<0.01) with the intake of oleic acid (r = 0.49 to 0.85) and linoleic acid (r = 0.52 to 0.85) and, to a lesser extent, with that of α-linolenic acid (r = 0.44 to 0.73). This can be explained by the low intake of α-linolenic acid ( Table 3) . None of the ingredients used, including sugarcane, which accounted for 60% of diet DM, is an important source of α-linolenic acid (Table 4) . Mohammed et al. (2009) reported that ~79% of the variability in the production of rumenic acid in bovine milk was explained by α-linolenic acid intake. The correlation between milk rumenic acid content and linoleic acid intake (r = 0.61, P<0.0001) was higher than that calculated for α-linolenic acid intake (r = 0.53, P=0.0002). A similar pattern was observed in the correlations with the milk content of vaccenic acid, the precursor for the endogenous synthesis of rumenic acid in the cow mammary gland. On one hand, this indicates that the higher intake of linoleic acid was the most relevant factor in the secretion of rumenic acid in milk; however, on the other hand, it was also the main factor responsible for the increased milk content of trans-10, cis-12 CLA (r = 0.64; P<0.0001) and trans-9, cis-11 CLA (r = 0.72; P<0.0001). This indicates that the SO supplementation caused dysbiosis in the bacterial community of the rumen (ZENED et al., 2013) . Table 7 . Apparent transfer of ingested fatty acids (FA, g day -1 ) into milk (g day -1 ) from Holstein x Gyr cows fed sugarcane-based diets containing increasing levels of sunflower oil (SO). Due to the high contribution of linoleic acid to the rumen, especially in animals fed the 4.5% SO diet, the maximum capacity of ruminal BH of this FA via the formation of rumenic and vaccenic acids, which is performed mainly by Butyrivibrio fibrisolvens (McKAIN et al., 2010) , may have been reached, triggering the need for the microbiota to perform ruminal BH through an alternative pathway (ZENED et al., 2013; RICO et al., 2015; PITTA et al., 2018) . The quadratic effect (P=0.0004) observed in milk content of stearic acid (Table 6) indicates that the maximum capacity of ruminal BH of linoleic acid was reached; this occurred at 3.83% SO. McKain et al. (2010) demonstrated in vitro that Propionibacterium acnes does not metabolize geometric isomers of CLA but is specialized in isomerizing linoleic acid to trans-10, cis-12 CLA. These authors also reported that B. fibrisolvens JW11 metabolized trans-10, cis-12 CLA to trans-10 C18:1, trans-12 C18:1, and cis-12 C18:1. Corroborating this, there were positive correlations (P<0.001) between the milk content of trans-10, cis-12 CLA and the content of these monounsaturated isomers of 0.90, 0.66, and 0.35, respectively.
Apparent
The shift from the trans-11 to the trans-10 alternative BH pathway of linoleic acid is typical of diets supplemented with vegetable oils (JENKINS; HARVATINE, 2014; RIBEIRO et al., 2018) . Comparing the control diet with the diet containing 4.5% SO, increases of 395% and 708% in the milk content of rumenic acid and trans-10, cis-12 CLA, respectively, were observed (Table  6) , demonstrating that these two pathways of BH of linoleic acid were concomitantly performed by the ruminal microbiota. In addition, the absence of an effect (P>0.05) on the trans-11 C18:1/trans-10 C18:1 ratio (Table 6) shows that there was no prevalence of one ruminal BH pathway over the other. In the companion paper in which the ruminal metabolism of cows fed the same diets evaluated in the present study was examined, Souza (2011) reported that there was no effect of the experimental treatments on ruminal pH; the mean pH values were higher than 6.0. The strategy of partially replacing ground corn with citrus pulp may have contributed in some way to these results, avoiding an even greater reduction in pH values with even more marked consequences on the shift from the trans-11 to the trans-10 alternative BH pathway of linoleic acid in the rumen.
It should be noted that trans-11 C18:1 and trans-10 C18:1 are the main trans-monounsaturated isomer intermediates of the ruminal BH pathways of linoleic acid . Furthermore, assuming that the linear increase (P<0.0001) in milk content of trans-10, cis-12 CLA (Table 6 ) was a reflection of its concentration in the rumen, it is possible that this increase may also have contributed to the reduction in the Butyrivibrio proteoclasticus population. McKain et al. (2010) observed that the P-18 strain of B. proteoclasticus did not develop in medium containing trans-10, cis-12 CLA. According to these authors, B. proteoclasticus performs the final step of BH, converting vaccenic acid and trans-10 C18:1 FA into stearic acid in the rumen. Therefore, reduction of its population in the rumen is related to the accumulation of trans-C18:1 FA at the expense of stearic acid. The observed reductions (P<0.05) in the stearic acid/vaccenic acid and stearic acid/trans-10 C18:1 acid ratios in the milk of cows receiving SO (Table 6) can be considered indicative of adaptation of the ruminal microbiota.
In response to SO supplementation, there was a quadratic effect (P=0.0068) on the milk content of vaccenic acid and a pronounced linear increase (P<0.0001) in the milk content of trans-10 C18:1 acid as well as of most trans-C18:1 FA, including elaidic acid (Table 6 ). Comparing the 4.5% SO diet with the control diet, marked increases of 265%, 563%, and 1,433% in the milk content of elaidic, vaccenic, and trans-10 C18:1 acids, respectively, were observed (Table 6 ). Elaidic acid and trans-10 C18:1 acid have been associated with deleterious effects on cardiovascular health (ALMEIDA et al., 2014; VAHMANI et al., 2017) ; therefore, an increase in the levels of these FA in milk is not desirable for human nutrition. However, the content of elaidic and trans-10 C18:1 acids in milk obtained with the SO-supplemented diets (Table 6 ) in our study is within the range of values (0.33 to 0.73 g 100 g -1 FA and 0.51 to 18.62 g 100 g -1 FA, respectively) reported by Kliem and Shingfield (2016) in studies of the inclusion of vegetable oils in diets supplied to cows.
On the other hand, vaccenic acid, which is the major trans-C18:1 isomer (Table 6) , is the precursor for the synthesis of 70% to 97% of rumenic acid in bovine milk (KLIEM; SHINGFIELD, 2016). Therefore, diets that promote an increase in the supply of vaccenic acid from the rumen to the mammary gland generally result in higher levels of rumenic acid in the milk; this is corroborated by the regression results for milk content (g 100 g -1 FA) of rumenic versus vaccenic acid (ŷ = 0.37898*x + 0.05805; r 2 = 0.76; P<0.0001). However, comparison of the 4.5% SO diet with the control diet shows that the 395% increase in the milk content of rumenic acid was disproportionately lower than the observed 563% increase in the milk content of vaccenic acid. This can be attributed to the linear decrease (P<0.0001) in stearoyl-CoA desaturase (SCD) enzyme activity in the rumenic acid/vaccenic acid pair (Table 8 ). In a study of bovine mammary epithelium, Kadegowda et al. (2009) reported that trans-10 C18:1 and trans-10, cis-12 CLA reduced SCD enzyme expression by 100% and 357%, respectively. Subsequently, the observed high negative correlations (P<0.0001) between the SCD desaturase index for the rumenic acid/vaccenic acid pair versus the milk content of trans-10 C18:1 (r = -0.66) and trans-10, cis-12 CLA (r = -0.60) indicate that these FA actually contributed to the inhibition of rumenic acid synthesis in the mammary gland. However, the milk content of rumenic acid obtained in response to SO supplementation (Table 6 ) was quite high compared to the range of 0.17-2.05 g 100 g -1 FA reported for animals fed diets based on 57-68% sugarcane with or without supplementation with lipid concentrates (MENESES et al., 2015; PIMENTEL et al., 2016) . There were negative correlations between the SCD desaturase index for the oleic acid/stearic acid pair versus the milk content of trans-10 C18:1 (r = -0.36; P=0.0168) and trans-10, cis-12 CLA (r = -0.30, P=0.0457), indicating that these FA also modulate the synthesis of oleic acid in the mammary gland. Esterification of oleic acid at the sn-3 position of triacylglycerol constitutes an important mechanism for controlling the melting point and fluidity of milk fat .
SO supplementation improved the nutritional quality of milk fat, as shown by the linear decrease (P<0.0001) in AI and TI and the linear increase (P<0.0001) in the h/H FA ratio (Table 9 ). This can be attributed mainly to the decrease in the milk content of hypercholesterolemic lauric, myristic and palmitic acids (FAO, 2010) , the concomitant increase in oleic acid content, which is associated with beneficial effects on cardiovascular health (HAMMAD et al., 2016) , and specifically to the reduction in TI, which is also due to an increase in the milk content of stearic acid (Table 6 ). Comparing the 4.5% SO ration with the control ration, the reductions (P<0.0001) in the milk content of lauric, myristic and palmitic acids were 57%, 41% and 42%, respectively, and the increase in milk content of oleic acid was 39% (Table 6 ). However, SO supplementation promoted a linear increase (P=0.0055) in the ω-6/ω-3 FA ratio (Table 9 ). Ribeiro et al. (2018) : AI = atherogenicity index; TI = thrombogenicity index; h/H fatty acid ratio = hypo/ hypercholesterolemic fatty acids ratio; ω-6/ω-3 FA ratio = omega-6/omega-3 fatty acids ratio.
There was no effect (P>0.05) of SO supplementation on plasma glucose concentration (Table 10) , as also observed by Rodrigues et al. (2017) in cows fed sugarcane-based diets supplemented with up to 7.34% soybean oil. In the companion paper, which studied the ruminal metabolism in cows fed the same diets evaluated in the present study, Souza (2011) observed no effect of the experimental treatments on the ruminal concentration of propionate (a glucogenic substrate), despite the partial substitution of the pectin of citrus pulp for the starch of ground corn. Thus, in the present study, the lack of effect of the treatments on glucose concentration (Table 10) may be, at least in part, a reflection of this. The linear increases (P<0.01) in the plasma concentrations of NEFA, cholesterol, and triglycerides (Table 10 ) were a consequence of increased lipid absorption in the gut and increased transport in the blood in response to increased SO intake.
Conclusions
The inclusion of up to 4.5% sunflower oil in 60% chopped sugarcane-based diets containing citrus pulp improved the nutritional quality of milk fat from Holstein x Gyr dairy cows as a result of the increased content of oleic, rumenic and vaccenic acids, which are beneficial to human health, and a concomitant reduction in the milk content of hypercholesterolemic lauric, myristic and palmitic acids. However, there was an increase in the milk content of trans-10 C18:1 and elaidic acid, which are associated with deleterious effects on cardiovascular health.
